lon Accelerators

for
Russian Mega-Science Projects

Timur Kulevoy
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Nuclotron-based %
lon Collider fAcility
(NICA)
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| Al'lEKCAHp,POB B.C.3, AHOPEEB B.A.%, BAI'IABVIH A.n? BAPABVIH C B.1, BYTEHKO A.B.3, TOBOPOB A.U.3,
FO/IOBEHCKMA B.B.3, I'YCAPOBA M.A.2, ﬂ,lOBKOB B.C.%, Kl'IbIKOB K.A.4 KOBELI, B.B.3,
KOBAJIEHKO A.A1.3, KO3/10B A.B.1, KOLLENEB B.A.1, KPOMAYEB I.H.1, KYUBUAA P.N.1, KY3bMWYEB B.I.2,
KY/IEBOW T.B.12, NEBTEPOB K.A.3, NYKALUMH A.10.1, NAKWH A.A.1, MAMAEB U.B.%, MAPTbIHOB A.A.13,
MOHYMHCKUN B.A.3, HAYMEHKO M.}0.%, OP/1I0B A.10.1, OCTALLUKOB I.H.%, NNIACTYH A.C.12,
NON030B C.M.>!, CAMOLLWH A.B.2, CENE3HEB B.B.3, CE/IE3HEB A.H.!, CWAOPUH A.0.3,
CUTHUKOB A./N., CTACEBUM 10.5.1, TPYBHUKOB I.B.3

ITHU P® UT3® HUL] «KypyamoscKuli uHcmumym»
" ’HayuoHanbHsIl uccnedosamenscKuli A0epHsili yHusepcumem « MUDU»

W& | 306veduHeHHbIl uHCMumMym AadepHsix ucc1edosaHull

. 4Poccutickuli ®edepasnbHbili AdepHsili LleHmp — Bcepocculickuli Hay4YHo-uccnedosamensCKuli uHcmumym
e mexHu4YecKol puU3UKU UMeHU

. akademuka E.N. 3a6abaxuHa,
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HIGH ENERGY PHYSICS .

Y KOpuUTEe/Zlb 3/1IeMEHTAPHbIX 4YaCTUul

BonbLuoi aapOHHBLIA Konnaikaep — YCKOPHT 3apAKEHHbIX YacTHLL
Ha BCTPEYHBIX NYYKax, NpeaH A4EHHbIA ON15 pa3roHa NpoToOHOB
€nbIX MOHOB M U3YYeHUA NPOAYKTOB MX COYAAPEHMA.




HIGH ENERGY PHYSICS

Future Circular Collider Study - Scope:

International FCC
collaboration (CERN as
host lab) to study:

« pp-collider (FCC-hh)
-2 long-term goal, defining

—

4’;' infrastructure requirements
o |
rff =16 T = 100 TeV pp in 100 km
¥
2 »  ~100 km tunnel

g Schematic of an
4 80-100 km
g long tunnel

Callider Diesigris

infrastructure in Geneva
area, site specific

+ eg*e collider (FCC-ee),

s . as potential first step = % =

L Y -2

s +  HE-LHC with FCC-hh m W=
Ya, technology —— ]

« p-e (FCC-he) option, IP
integration, e- from ERL

Future Circular Collider Study
Overview and Design Status
M. Benedikt and F. Zimmermann
gratefully acknowledging input from FCC coordination group,
global FCC design study team and all other contributors
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ADS
4 Accelerator Driven Systems

Chinese accelerating driven system (C-ADS), Huizhou, China

Injector Il

' RF SCHWR
ECR _ 16:-51%‘! 162.5MHz }
3% keV 2. 1MeV

Ellip063
650 MHz
42 cavities

Ellip082
650 MHz
100 cavitles

MERT2 10 MeV

36 cavities 60 cavities

A5keV 32 MeV

ECR m J:‘.ﬂml .

37 MeV 147 MeV 393 MeV 1505 MeV

Main Linac

Capaity Fashures in C-ADS Injector-1, J P Da alal, IPACTT
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Chinese accelerating driven system (C-ADS), Huizhou, China

Injector Il

ecr IGag RFQ

162.5 MHz

I8 keV

A5keV

RFQ |
ECR ml 2250 MHz

Injector |

Spoke021
325MHz
36 cavities

325 MHz
60 cavities

147 MeV

Ellip063
650 MHz

42 cavities

393 MeV

Ellip082
650 MHz
100 cavitles

1505 MeV

ADS
Accelerator Driven Systems

Accelerator Development for ADS
LEHIPA

Phase lll

SC Linac

ECR lon Source

Phase ll
l High current injector 20 MeV, 30 mA I
o
1)
1 3
{|Protonis| | RFQ | | DTL ShLinac
i| 50 keV 3 MeV 20 MeV HWR/SSR
L T 200 MeV
Phase |

1GeV

Spallation
" reaction Zops

Fission




S ADS
hid Accelerator Driven Systems

Chinese accelerating driven system (C-ADS), Huizhou, China

Injector Il

- M ﬁ sc.m+ Eeponelickuii npoekm ADS - MYRRHA

S| et (Multi-purpose hYbrid Research Reactor for High-tech Applications)

I8 keV 2 1MV

Reactor
I S

Accelerator

Ellip063
650 MHz

42 cavities

Ellip082
650 MHz
100 cavitles

Spoke021
325MHz
36 cavities

325 MHz
60 cavities

MERT2 10 MeV

A5keV 32 MeV 3 bebe) Dbl It Db nind B Baie) Budk o e |

Ecr I T2, | P
TS - Accelerator Dev

37 MeV 147 MeV 393 MeV 1505 Me)

Spallation source

Injector |
s 1S : LEHIPA
l High current injector 20 MeV, 30 mA I

o
1)
1
i| Proton IS RFQ | | DTL
i| 50 kev 3 MeV 20 MeV Beam power
g

Phase |

MnaH peanusaymMm NpoeKTa :

ECR lon Source i) cosgaHMe HaYanNbHON YacTH NPOTOHHOTO NMHEHHOIO YCKOPHTEAA Ha aHeprMio 100 MaB

(2016-2024r.r),

i)y cozpaHwe NPOTOHHOIO AWHERHOTO YCHOPUTENA Ha 3Heprvio 600 MaB
(2025-2030r.r.)

iii} cosganme peaxTopa u duanueckmil Nyck Bcel YCTAHOBKK B KOoMNAEKCE

(2030-2034r.1.).
Broacing

L] Ly
'

Elliptical SC Cavity

Spallation
" reaction Zops

Fission

13
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/J Accelerator Driven Systems

Chinese accelerating driven system (C-ADS), Huizhou, China

Injector Il

— Eeponelickuii npoekm ADS - MYRRHA
>npeanovYTUTeNbHbIN TUN YycKopuTena B KadectBe ADS-gpavBepa —
NMPOTOHHbLIN JIMHEUHbIN YCKOPUTESb;

: »3Heprusa yckopurtens — 1 3B;
>WHTEHCUBHOCTb MNPOTOHHOro nydyka — 10 MA (¢ Heob6xoAMMOCTbLIO
U3y4YeHNs1 BO3MOXHOCTU WUCMOSIb30BaHUA AOEUTPOHHOro nydyka D*, uto
AacT ABYKpaTHOe NMpenMmyLlecTBO);

»CTabUNbHOCTb — KOMIMYECTBO «CPbIBOB» My4YKa NMpu UMHAYCTPUaribHOM

npuMmeHeHun ADS cuctembl He OOMKHO NpeBbIlWaTb 3 B MecAl.

400 keV RFQ LEBT Elliptical SC Cavity

14



ADS Technology Readiness Assessment;

Transmutation Industrial-Scale  Power
Demaonstration Transmutation Generation
Front-End System  Performance
Reliability
Accelerating RF Structure Development
Systemn and Performance
Linac Cost Optimization
Reliability
RF Plant Performance
Cost Optimization
Reliability
Beam Delivery Performance
Target Systems Performance
Reliability
Instrumentation Performance
and Control
Beam Dynamics Emittance/halo
growth/beamloss

Lattice design
Reliability Rapid SCL Fault Recovery

System Reliability Engineering
Analysis

Green: “ready”, Yellow: “may be ready, but demonstration or
further analysis is required”, Red: “more development is required”.
S. Henderson 2= Fermilab




Beam Delivery
Target Systems

Instrumentation

and Comtrol
Beam Dynamics

Reliability

Transmutation
Demonstration

Performance

Industrial-Scale
Transmutation

Reliability

RF Structure Development
il Performance

Powwer
Generation

Reliability
Performance
Performance
Reliability

Performance

Emittance/halo
growth/beamloss

Lattice design

Rapid SCL Fault Recovery

System Reliability Engineering
Analysis

Green: “ready”, Yellow: “may be ready, but demonstration or
further analysis is required”, Red: “more development is required”.

S. Henderson

2= Fermilab
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Y Spallation Source

The SNS accelerator system overview

Front-End: A S i
Produce 1 ms long, H ccumulator Ring: Compress

beam pulses at 60 Hz 1wz long pulceo “700.ns
with ~300 ns chopped

every ~1 ps

A ‘46 mA needed for 2.8 MW

LEBT chopper
system makes gaps

\ mini-pulse

GRS (R d
|(7 ~1 ms macropulse —)| T
‘(— ~“1ms 4)'

The multi-turn charge exchange injection and clean extraction of the
accumulator ring requires chopped H- beam from the linac.

Current

18



\!0!, Spallation Source S

The SNS accelerator system overview
Prod:;:?tr-nEsnldm:mg i Accumulator Ring: Compress "'('f‘m . _-\\‘
beam pulses at 60 Hz AR Iong BUNSS 20,7300 1 \fqgtzge :l
with ~300 ns chopped Ring
every ~1 ps A\ A R

A ‘46 mA needed for 2.8 MW

spv : ) e
0

~35 mA needed for 1.4 MW l
‘ ——— ol

LEBT chopper ‘-& =
system makes gaps

- ISIS, Oxford, UK
N i t\

‘é COUIInQE!P:nanI.‘\ >
< *Neutron and Muon source . G i
g L g used for condensed matter s
ms macropulse &Ufé’/'
The multi-turn charge exchange inj research by 3000 users. El‘“"'/f S e
accumulator ring requires chopped .H- ion source (55 mA) ";ﬂ?\‘.\\’\ ‘_{_ Extracted Proton Beam 7
) i
*665 keV RFQ (35 mA) it |
*70 MeV linac (26 mA) m—
*800 MeV 50 Hz, RCS (2.8x10'3 ppp)
*Target 1 + Muon target ( 140 kW) K/
sTarget 2 (36 kW) /7
G & 3 & @ Q 7.
Normal Conducting Linac . Superconducting Linac N
€«———— 324 MHz 648 MHz >
H Source LEBT RFQ MEBT DTL IEBT SCL1 ScL2 HEBT
20| [evswes| (V00 | mmoanamasms | (SIS (OO [~ | [ | | 00
oo i WIOBBIBEEEES ool | w100
1 0 : § ? 0 i T A0 i R0 p
65 keV 65 keV 3 MeV 3 MeV 100 MeV 180 MeV 180 MeV 411 MeV 800 MeV 19
~15m ” ~40m ~44 m ~2m ~70m ~73m

S

> >




Y Spallation Source

The SNS accelerator system overview

Prod:;:?tr-nEsnldo:\g W Accumulator Ring: Compress "'('f‘m - \
beam pulses at 60 Hz AR Iong BUNSS 20,7300 1 d Storage :l
with ~300 ns chopped Ring . & .
el ] A\ | aps Project Design
~46 mA needed for 2.8 MW a The: phasg-l CSNS facility consists of an 80-MeV H linac, a 1.6-GeV
Gl 7 Al ity W W / rapid cycling synchrotron{(RCS), beam transport lines, a target
'O station, and 3 instruments.
SR, 05 j ‘ Project Phase [T e
% Beam Power on target [kW] 100 | 500 Muay :;l’:' iz
e —— - Proton energy [GeV] 16 (16 B W ey TR
™ o Average beam current [A] | 625 | 3125 .
S ISIS, OXF(|puse repstiion rate frz] 2% |25 LEaT T
§ Linac energy [MeV] 80 300 i %
5 Linac type DTL | +Spoke/PIMS : RCS %
g «Neutron and Muon source e L e e . St b
P S §
Tt used for condensed matter e ae.  Pumto0ton TR A
: % research by 3000 users. PP Targs iadon
The multi-turn charge exchange inj ® i\
accumulator ring requires chopped oH- ion source (55 mA) fi
*665 keV RFQ (35 mA)
. The first high-energy high-intensity proton accelerator in China
«70 MeV linac (26 mA) sreRie A :
*800 MeV 50 Hz, RCS (2.8x10'3 ppp) \ !
*Target 1 + Muon target ( 140 kW) K/
sTarget 2 (36 kW) /7
v %2 3 & B AN S
Normal Conducting Linac . Superconducting Linac N
«—  324MHz 648 MHz >
H' Source LEBT RFQ MEBT DTL ccL IEBT scL1 scL2 HEBT
20| [ewwssess| | (U] | wmoaesonmess | (07 ~nrn[.anand| |00
(=] UAO0 J| wsesessssss v | w00
A ) I\ 4 4 p A BF0.62 4 B=076 4
65keV 65 keV 3 MeV 3 MeV 100 MeV 180 MeV 180 MeV  411MeV 800 MeV 20

~15m ” ~40 m ~44 m ~2m ~70m ~73m

> >

M
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: ﬁ SEA_LATION

0. ACE

Linac Lattice and power levels

e — L N (] | | ——— | ¥ Y | ] - Dogl
a=d e dedbmap A0 mp $HIme RSV Ma = TET o = (TR
=
75 ke 1.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeY 2017 Morch
Energy | Frequency Mo. of RF power RF power
(MeV) IMHz Cavities TempIK | cquireanw | RFS0WTE | o cilied AW
Source | 0.075 - 0 ~300 —
LEBT | 0.075 - 0 ~300 —
RFQ 36 35221 1 ~300 1600 Klystron 3000
MEBT 36 35221 3 ~300 20 SSPA 35
90 35221 5 ~300 2200 Klystron 3000
Spoke | 220 35221 | 26 (2/CM) ~2 330 Tetrode 450
'"'"E‘:I'; "M 570 | 704.42 | 36 (4/CM) | ~2 870 Klystron 1500
Highp | 2000 | 704 42 | 84 (4/CM) ~2 1100 Klystron/1OT | 1500/1200
HEEBT | 2000 — 0 ~300 — 7




Spallation Source

The OMEGA Project also foresees construction of the
pulsed spallation neutron source utilizing the 3.5 GeV
and 1.1 MW proton beam (the study of biological struc-
tures, nanostructures, substances, materials, objects).
These features of the neutron studies make The OMEGA
Project complimentary to the synchrotron radiation
sources thus providing unigue opportunities for a com-
prehensive ressarch in the science fields listed above.

OBOCTH

GOYHAAMEHTAJIbHOR ®H3HUKH

N 2(9) 2010

ladron Eeams

FOTers | SETCAD O N ORI ST TR ey THL AR 1 - ey IO
M4 ok menk 1 - Scoeoaassyreesl cersped 10 ool ek 1 - T - e
F TSR T e EeToeE rpwecadll mmery 4 - S TT e T - eEs A SOITESSTTE
LT R T LA M- e . Dy Ty e s G | roeytiol aemi Byaen Emeascmen aw
TFE TP RS DR [V, bW o F R LS TE R SO YRS LA IR
1 Cry . T - D T - T

permer o lechnes st



= =
L [] KAHAJII TIPOTOHHBIX [TYHKOB

IKCIEPUMEHTAJTLHBII KOMITIEKC

MOCKOBCKOI ME3OHHOMH dABPHKH

Ay I

BETOCILIBHBE CIEKTROME ]
FEMEHH IAMEVTEHILA HEHTPOHOBR &

KOMIUIEKC HMITYJIbCHBIX
HCTOYHHKORB HEHTPOHOB

HcmoyHuk HeumpoHos NH-06 EE

eepxHell yacmu KoMnnexca
UCMOYHUKOE HellmpoHoa:
1- 6okc umnynsctozo
CMoYHUKa HellmpoHoe,
2 - 8epXHAA Yacmb MUWEHHO20
modyns.
3-6okcdna

A~ deMOHCMPayUOHHO20 cmeHda
- (ADS), xono0HsIii ucmoyHuK (?),
4 - gepmuKansHbie npoxodku ons
ycmaroexu donoNHUMENbHO20
SKcnepuMeHmansHozo
¢ obopydoaanus,
5 - HeimpoHoeodsl
6 - cmansHan 3awuma
NpoMOoHHLIX NY4KOE.

20



Superbooster NEPTUN

NEPTUN
> 2037

IBR, IBR-30
1960-2001

Void !

o

Np-237

Power = 10+-15MW

R\
TiH2
Evolution of IBR pulsing reactor (D.I.Blokhintse '~ "' * = =+~ - - * ~-

Power=1-20 kW

NEPTUN (the pulsing subcritical reactor driven by  Dubna Neutron Source of the 4-th Generation (DNS-IV)

Spallation Source

Superbooster NEPTUN

1))

\\(/

'S

Linear p-Accelerator
+

Multiplying Target Station with
periodic modulation of reactivity

(subcriticality 0.05-0.002) Pratons

Ep=12 GeV, At=20us
Imax=50mA, v=10-30 Hz
W < 100 kW

Multiplying target:
Modulation of reactivity

Neptunium subcritical system
< 200-300 ps
e 20-30 us

W =10-15 MW

Superbooster NEPTUN - Conceptual Design Report

Road Map (PAC Jan 2017: JINR E3-2017-12)

Conceptual

research 2015-17

Technical study 2018-20

R&D 2021-23

Engineering
= 2024-26
Construction 2007-32

Commissioning

2032-35

PAC: Jan, June 2017, Jan 2018

JINR P13-2016-80 (Phys.Part.Nucl.Lett., 2017)
JINR E3-2017-12 (2017)

JINR P13-2017-57 (At. Energy, 2018)

Surface: Synchr.&Neutron Res. (2018)

Int. Conf. on IBR-2 Research (Dubna 2017)
Seminars: NRC “Kurchatov Institute”

Dollezhal R&D Institute of Power
Engineering

Budapest Neutron Center

15 June 2018 at 15.00 Kick-off-Meeting of the WG of the JINR IWG on Strategy 24



Reactor complex PIK 3
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\* Production of Radioactive Beams

. Radioactive lon Beams are produced using two complementary ways
|sotope Separator On Line method (ISOL):

v low/medium energy, high quality beams (phase space)
In-flight method:

v high energy, short lived (us)

Primary

b Primary beam 5
‘:3'—" Thick & hot target ISO L (heavy lons) |n"'ﬂ|ght

¢/

Fragment

lon source separator

Thin target
-\ Post-accelerator : :
\Raﬁdloactlve
Isotope separator - *H by e
— i " ™
¥ Radioactive o
ion beam
Tailored made nuclei Fast production
Extractiontime: ms—s Many nuclei at the same time
Well defined beam optics 54 Mapping region
Maria J. G. Borge 26

ISOLDE-PH, CERN

(leotone Senarator On-l ine)
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Leonid Grigorenko

DERICA

Flerov Laboratory of Nuclear Reactions, JINR, Dubna

Perspective plan.of-RIB-research. at.

JINR

Dubna Electron-Radioactive Isotope Collider

cility

Experimental hall EH-1:
Application science

50m

]

L

LINAC~100 (Ey: 100 AMeV)

P lon Sources

DERICA Fragment
Separator DFS

Velocity filter

| - Gas cell - lon trap
- Charge breeder

| Fast Ramping Ring
Synchrotron FRR:
Epig < 300 AMeV

Experimental B ,E{q_-f 36 4;'-‘. -
hall EH-2: RIBs e oy} -]
15-70 AMeV

Stage 2: Buildings, LINAC-100, DFS, EH-1, EH-2
Stage 3: LINAC-30 relocation, FRR, EH-3
Stage 4: CR, e-RIB collider, ring experiments

Gas jet target
[ pdiHe |

Neutron source
2 108 nlom?

Experimental hall EH-3:
reaccelerated RIBs
5 - 300 AMeV

e-RIB collider

3 Bury
uono3|3

(A2 005 *3) DYNIT2

http://aculina.jinr.ru/derica.php

Discussionat FLNR, 27 August 2018

27



LINAC-100 concept

[ Minimal primary beams ]
b AZ Pt
IFge= 54 10 and more
g 0 1 and more

e 5.5 d and mare
e #i. 0 5 and more
o Al 5 and mare

404 T &l 5 and more

L Y 58 5 and mare
REr' 5.7 3

112gr 220 6.0 %

Hod™ 5.0 3

i 5.5 .

b T 494 - &

[ Mormal conducting + SC parts ]

By teams led by T.V. Kulevoy (ITEPh)
and S M. Polozov (MEPhI)

[ Mormal conducting = RFQ + DTL ]

DERICA
AJZ £ 6.5
npuf cavremi=1 ma
|J|"|‘*|5-!|1 trensyersa smifitanca £=1 m-mm-mrad
Eyeex=1. 10 K
V, /£ =10

RFQ & MEBT& DTL {L=22 m)

RFéa ; t=40.625 MHz; W=1.011 + 0.5 8Maviu L=1m
MEBT f=B1.25 MHE, W=].5 + 0.5 Ma'Viu; L=0.5 m
OTL : f=81.28 MHz: W=0.5 + 2.1 MeViu; L=11.8m

Layout of NC {normal conduction) linac

1 o Bl k[H2

¥ T

0% el I Mevim 0 L

ETRTTEIT =] S
) T -_ -1-|- L ' e - [ H s -
[_—_:MTE;H;T;E I
Sl e L [ Lo F A |
1] i ns
kFy  MEET ¥TL
23 i
LU RN [Imeg [ ] cavity = | Huncher

[ Megnene quadrapole lers
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W(H+), MeV:

*AlZ=1,2,3;

‘W(A/Z=1)=7 +13 MeV/n;
*‘W(A/Z=2,3)=7 +7 MeV/n;
*f=162.5 MHz;

‘Enax=1-8 Kp;
*Transmission=100%;

Cxema kanaaa DTL nas
HOBOIro uH:xkeKkTOpa npoexkta NICA

(mpeaBapuTeJIbLHBIE OILIEHKH)

Q1 Rl Q2 R2 Q3 R3 Q4 R4 Q5 RS Q6 Ro
X ) ) S ) G«
7.0 < Period h- 9.0 11.“‘ 13.0
DTL
< >
2970 mm

Z/A=1 W=7 - 13 MeV

:1158 [2.604 ml NGOGCD : 10000 / 10000

101

¥ (rmm)

Y (mm)

P (deg @162.5 MHz)
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W(H+), MeV:

*AlZ=1,2,3;

‘W(A/Z=1)=7 +13 MeV/n;
*‘W(A/Z=2,3)=7 +7 MeV/n;
*f=162.5 MHz;

‘Enax=1-8 Kp;
*Transmission=100%;

Cxema kanaaa DTL nas
HOBOIro uH:xkeKkTOpa npoexkta NICA

(mpeaBapuTeJIbLHBIE OILIEHKH)

Q1 R1 Q2 R2 Q3 R3 Q4 R4 Q5 R5 Q6 Ré
X XY= XY= X = X = X =
7.0, Period ,19.0 11.0 13.0
DTL
< >
2970 mm
W=21-21 MeV Z/A=3
Ele:llSB_IZ.ﬂ _ml NGOOD : 10000 .|’ 10000 3 o o o o ____.It;.s

i [l gl |
ocwbrnmounocwunouno

P (deg @162.5 MHz)

e




,I Y710 NnoTpebyetca anA

Mera-CameHc npoeKTa’?

mOHHbM NCTOYHWK, FEHEPUPYIOLLINIA NYYOK NMPOTOHOB/MOHOB B peXmnme \

BGrIM3KOM K HEMpepbIBHOMY, C DOSbLUIMM pecypcoM paboTbl (6bonbLwmm

BpeMeHeM XWU3HWN)

» HopmarnbHO npoBoasiLmMe yCKOpAoLLmMe CTPYKTYPbI, paboTatolmne B pexmme
CW UNnun B peXUME C Manon CKBaXXHOCTbI0. B nepByto ovepeab RFQ.

» Wcnonb3oBaHne cBepXnpoBOAALLMX CTPYKTYP. TeHOeHUMA K Havany ux
NCNONb30BaHMSA Kak MOXXHO C MEHbLUMX 3Heprun. Ha cerogHa pasymMmHoum

nepexogHon AHeprmen BolrmaanT aHeprust okosrio 3 — 3.5 MaB/H.

anonbsoBane ana BY nutaHua tBepaoTtenbHbIX yeunurtenen BY mowHocTw.




Oo0aagarenun
OnLITHBIE Cepuiinas KOMIIeTEeH i1/
Paspaborku
o0pa3umbl TE€XHOJIOTHSA YuacTBymme B
3apy0e:KHbIX MPOEKTAX
Pacuer guHaMuKH, na na 1a UTH®, MUDH, MPTU
MIPOEKTUPOBAHUE
N oron a Heo0XouMa Ousiv, TPUHUTU,
A aopadoTKa NTO®D, NCH
NmnynecHbIE HOPMAIBEHO UTO®, MUOU, UDBD,
Heo0XouMa
MIPOBOAALINE YCKOPSIOLINE aa aa onaboTKa ousn,
CHCTEMbI AL VSIU, USID

CW HOpManbHO MPOBOISALIUE
YCKOPSIOIIUE CUCTEMBI

CII yckopsitomune CHCTEMBI

UTO®, UOGBD, MUDH,
WAD, U,

UTD®, MUDH, USD,

WA OUSIN

«Tenpie» MarHuThbI aa AD, UOBI, OUAN,
CII marHuThbI aa BT nA®, OUAU

AopadoTKa
nggsr:HHme cuctemsl BY HeoﬁxgzmMa UTD®, MG, O,

aopadoTkKa 9D

Cucrembl TpaHCIOPTUPOBKU a a Heooxoauma | UTDD, MUDU, UOBDO,
Iy4Ka a 5 aopadoTKa MPTU, USIU, UAD
JlmarHocTuka u ynpapicHUE 1a 1a HeoOXoaMMa AT, ST, NS
ITYYKOM A0padoTKa

TexHono2uu co30arHua nuHeliHo20 yckopumena e Poccuu
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OoJaanarenn
OnbITHBIE Cepuiinas KOMIIeTEeHIUi/
Paspaborku
o0pa3ubl TE€XHOJIOTHS YuacTtBywommue B
3apy0e:KHbIX MPOEKTAX
Pacuet munamukiL, na na na UTA®, MUDU, MPTH
MIPOCKTUPOBAHUE
e oron a Heo0XoauMa Ousiv, TPUHUTU,
A 1opadoTka UTD®, UCD
NmMnynecHBIE HOPMAIBEHO d, MUDU, UDBD,
IIPOBOAALINE YCKOPSIOLIME Ousin,
CHCTEMBI AU, UAD

CW HOpManbHO MPOBOIAI)
YCKOPSIOIIUE CUCTEMBI

CII yckopsitoniye CucTeMbl

TOD, UOBD, MUDH,
WAD, U,

UTD®, MUDH, USID,

AN OUSIN

«Terpie» MarHUThI aa \ AD, UOBI, OUAN,
CII marHuThbI aa nA®, OUAU

nopadoTKa
ggfggr;HHme cuctemsl BY HeoﬁxgzmMa UTD®, MG, O,

aopadoTkKa 9D

Cucrembl TpaHCIOPTUPOBKU a a HeoOxoquma | UTOD, MUDU, NDBD,
nyuKa A A 10paGoTka MPTH, USIN, NS
JlmarHocTrka U yIpaBlicHUE 1a 1a Heo0XoauMa AT, ST, NS
ITYYKOM A0padoTKa

TexHoNno2uu co30aHuUAa nuHelHo20 ycKopumena e Poccuu
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ShiXiang Peng, LINAC 2018

» Electron Bombardment ion source

* Hollow Cathode ion source

* Reflex Discharge Multicusp source

* Cold- & Hot-Cathode PIG

» Electron Cyclotron Resonance ion
source (ECR)

» FElectron Beam lon Source (EBIS)

* Surface Contact ion source

* Cryogenic Anode ion source

* Metal Vapor Vacuum Arc ion source
(MEVVA)

* Sputtering-type negative ion source

* Plasma Surface Conversion negative
lon source

» Electron Heated Vaporization ion
source

* Hollow Cathode von Ardenne ion
source

Forrester Porus Plate ion source

Multipole Confinement ion source

EHD-driven Liquid ion source

Microwave ion source
XUV-driven ion source
Arc Plasma ion source
Surface lonization ion source
Charge Exchange ion source
Capillary Arc ion source

Von Ardenne ion source
Capillaritron ion source
Canal Ray ion source
Pulsed Spark ion source
Field Emission ion source
Atomic Beam ion source
Field Ionization ion source
Arc Discharge ion source
Multifilament ion source

RF plasma ion source
Freeman ion source

Liquid Metal ion source
Beam Plasma ion source
Magnetron ion source
CHORD

Calutron ion source

56 different ion sources

*lon source list from SNS M.Stockli’s report

Bayard-Alpert type ion source
Inverse Magnetron ion source
FEBIAD ion source

Nier ion source

Bernas ion source

Nielsen ion source

Wilson ion source

Recoil ion source

Zinn ion source

Plasmatron

Duoplasmatron

Duopigatron

Laser ion source

Penning ion source
Monocusp ion source

Bucket ion source

Metal ion source

Multicusp ion source
Kaufman ion source
Flashover ion source
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on Source

Silhi source (2)

SILHI operates at 2.45 or 3 6Hz
dapnia 1ECR zone at RF entrance
Pentode extraction system

saclay

Since 1996, SILHI produces H+

beams with good characteristics:
= H+ Infensity > 100 mA at 95 keV
* H+ fraction > 80 %

" Beam noise < 2%

! S 95 % < Reliability < 99.9 %
- ——- Emittance < 0.2 = mm.mrad
"%T/ " CW or pulsed mode

Novemser 3, 2006 C=ADEM Dapris SACM R GOBIN_ ECEM 05, MIDE, France N




lon Source

VENUS (28GHz)

Silhi source (2)

SILHI operates at 2.45 or 3 6Hz

dapnia 1ECR zone at RF entrance 5’:
Pentode extraction system - i
7
saclay Position (cm)
= s A o
7 2 e T o [09’
. (required beam intensity-FRIB,RISP)
Since 1996, SILHI produces H+

VENUS was the first high magnetic field SC-ECR
ion source developed for operating at 28 GIlz. A
number of modifications were carried out during its

beams with good characteristics:
= H+ Infensity > 100 mA at 95 keV

Current (euA)
o5 8EBEEE

N H+ 'chf'an >80 % development, for example, the special cramping ﬂ
1 " Beam noise < 2% technique of the hexapole magnet to increase the U |
95 % < Reliability < 99.9 % radial magnetic field. The modifications of the s ss s 65 7 75 & 85 o
!fﬁ} —— Emittance < 0.2 1 mm.mrad 'VENUS were then incorporated into the design of M
I ‘ * CW or pulse.d mode new SC-ECR ion sources.

.
Netia  TCIC2013,Chiba, Japan, 8-13 Sept, 2013 G.Machicoane et al, .Proc. 200t Int. Workshop on ECR lon Sources,
2012, Sydney, Australia, THYO03




lon Source

VENUS (28GHz)

Silhi source (2)

SILHI operates at 2.45 or 3 GHz Easidl
dapnia 1ECR zone at RF entrance
Pentode extraction system

saclay

U3 ~440epA @8kW(18+28GHz)
(required beam intensity-FRIB,RISP)

Since 1996, SILHI produces H+

- L
beams with good characteristics: VENUS W‘:i-‘! 131‘1: ﬁﬂ; lgigh magrﬁlctic :i;lsfl(?g-EiR ? ‘
. ion source developed for operating af iHz. ]
H+ Imen,S'TY > 100 mA at 95 keV number of modifications were carried out during its §
H+ ‘chf'an >80 % development, for example, the special cramping
1 Beam noise < 2% technique of the hexapole magnet to increase the
95 % < Reliability < 99.9 % radial magnetic field. The modifications of the s 8s o
Emittance < 0.2 1 mm.mrad VENUS were then incorporated into the design of
CW or pulse,d mode new SC-ECR ion sources.
e ! Nietirla  JCIC2013,Chiba, Japan, 8-13 Sept, 2013 G Machicoune et al, Proc. 20 int. Workshop on ECR lon Sources,

2012, Sydney, Australia, THYO03

RIKEN 28GHz SC-ECRIS

GM-IT refiigirator

Solenoid coils
Dielectric coupler ] Hexapole magnet
Mode filter e preak

Beam extraction

Beam intensity(epA)

Gyrotron{28GHz)
Mode converter  Vacuum window

Plasma chmaber S

Analyzing magnet current(A)

U ~230epA [ -

The RIKEN SC-ECRIS can be operated at flexible axial field
distributions with six solenoid coils

RF,  ~4.0kW
RF pamper=2.5~2.6kW

U ~18euA

It is possible to change the gradient of the magnetic field
strength and the surface size of the ECR zone. =
50 U3-~180epA
The RIKEN 28GHz SC ECRIS produced ~180cpA of U,
~225 epA of 1*** with the sputtering method at the injected
RF power of ~4k'W (28GHz).

Beam intensity(epA)

T. Nakagawa et al, Rev. Sci. Instrum.81 (2010)

L 1
808, * sructire G.D. AllonandD. N. 10

35 40
Charge state

45

Sl.ﬂ‘ﬁ.r
NISFINA RIEFERATENBE; Ydpin, 8-13 Sept, 2013




Silhi source (2)

dapnia 1ECR zone at RF entrance
Pentode extraction system

saclay

SILHI operates at 2.45 or 3 GHz Easidl

Since 1996, SILHI produces H+
beams with good characteristics:

= H+ Infensity > 100 mA at 95 keV
“ M+ fraction > 80 %
" Beam noise < 2%

95 % < Reliability < 99.9 %
- Emittance < 0.2 1 mm.mrad

i ] i .
"ﬁj/ " CW or pulsed mode

Ievemeer 3, 2006 CEADEM Dapmis SACM R GOEIN_ ECEM 05, NIGE, France.

RIKEN 28GHz SC-ECRIS

GM-JT refrigirator
Solenoid coils

Dielectric coupler GM refrigirators I Hexapole magnet

Mode filler [y preak

Beam extraction
clectrode

Gyrotron{28(iHz)
Mode converter  Vacuum window
Plasma chmaber Solenoid coil

< 2

g

= 400 - N\ 5 R
= N o'

g [ B 7 —
£ 1 \ / |[_1 ions

2 200 et i 1
g | o |

g L i W ]
2

0] 50 100
Analyzing magnet current(A)

The RIKEN SC-ECRIS can be operated at flexible axial field
distributions with six solenoid coils

It is possible to change the gradient of the magnetic field
strength and the surface size of the ECR zone.

The RIKEN 28GHz SC ECRIS produced ~180cpA of U,
~225 epA of 1*** with the sputtering method at the injected
RF power of ~4k'W (28GHz).

T. Nakagawa et al, Rev. Sci. Instrum.81 (2010)

PAREOR, ., * stuctice G.D. AlionandD.N.
Smithe,

Nisriina “TETRISITICHRBE Hapion, 8-13 Sept, 2013

U ~230epA o =
oy RF,;  =4.0kW
= RF gamber=2-5~2.6kW
.10 1
5 50 35-~180epA 2B
£
£
o
O
/m

105 5 ;

40 45
Charge state I

VENUS (28GHz)

AR

U33*—44OEMA@81(W(18+28GHZ) :: 1 o
(required beam intensity-FRIB,RISP) 380 A
VENUS was the first high magnetic field SC-ECR § :
ion source developed for operating at 28 GIlz. A E =
number of modifications were carried out during its § 150 1
development, for example, the special cramping 100
technique of the hexapole magnet to increase the “
radial magnetic ficld. The modifications of the i s s @
VENUS were then incorporated into the design of
new SC-ECR ion sources.

NiSHiNia FCIC2013, Chiba, Japan, 8-13 Sept, 2013

G Machicoane et al, .Proc. ZMlm. Workshep on ECR lon Sources,
2012, Sydney, Australia, TIi

Most Advanced SC ECRs in IMP, Lanzhou

= SECRAL-l and SECRAL-Il produced record beam intensities for highly
charged heavy ions
* Innovative SC magnet structure: solenoids are inside the sextupole magnet
= High charge state ion beam production with new microwave coupling
= The first experiments are started with 45 GHz ECRIS

« Plasma heating with 28 GHz +45 GHz +18 GHz, 45 GHz is applied via optical
transmission line

F R I B FéCHIhl for Raré Isowpe Beams
Mlice ol Sciance
Van e b

P.N. Ostroumov. LINAC-18, September 13. Beging. China, Slide 5§




lon Source

o VENUS (28GHz)
Silhi source (2)
SILHI operates at 2.45 or 3 6Hz
dapnia 1ECR zone at RF entrance
Pentode extraction s
saclay U-400M DECRIS-SC2 T Twoniemy
(Hybrid type ion source — superconducting solenoids, permanent magnet hexapole)
. o oo o N o
i = MAIN PARAMETERS Wt o
Operating freguency 14-15CGHz :: W
UHF power range 50 = 1000 W % : 1 == T
‘ ‘ ‘H Axial magnetic field 19/14T § 0
—7 (injection'extraction) 3 : ! ‘
1 = Coil: power consumption 10 kW “ L,‘nf” L \J
= (ervocooler) " e s & 7 75 s 85 e
[ wia
Jﬁ Coil current =100 A
s, — [ Eadial magnetic field 10T
Ine et al, Proc. 20tk Int. Workshop on ECR lon Sources,
Plasma chamber diameter 74 mm Py, Australia, THYO03 |
Source diameter / length 690 /570 mm
Source weight -~ 700 kg
*_18GHz
RIKEN 28 - Ilo;:riqin;ue myarn nomes m: DECRIS-SC? (14 GHz) s in |M P, Lanzhou
AZ (32 266|228 (355 291 [ 5 | 444 | 363 | 333 | 3273 | 56 494 44 | 583 i . i
GM-JT refiginao - beam intensities for highly
Diclctric oupler OM e g/ ] Tew [0 0% | 0% | 8% & | Ar%™ | Ar™ | A | AP | Fe'™ | Ko™ | Kr'™ | Xe™ | BP™
Mode illef e break : inside the sextupole magnet
&I’ﬂ 920 | 820 | 50 | 265Y o0 ) ss0 | 680 | 250 | 120 | 206 | 230 | 150 | -1 | -4 new microwave coupling
= : iz ECRIS
Lolussfwao| 7 {aod 8 Jue | 75 | 23 | 10 | 13| 18 9 | oms | o1 Z,45 GHz s applied via optical
(pud) 1
= o o e e - N N1
(iymmnmﬂm
Mode converter  Vacuum window

s chrber Sl : i : | 45GHZEGR |

U3 ~230epA
The RIKEN SC-ECRIS can be operated at flexible axial field ﬁ}

RF,  ~4.0kW

RF gpamber=2-5~2.6kW

U3-~180epA

distributions with six solenoid coils

It is possible to change the gradient of the magnetic field 10
strength and the surface size of the ECR zone. yi ~18euA
50

The RIKEN 28GHz SC ECRIS produced ~180cpA of U,
~295 epA of U*** with the sputtering method at the injected
RF power of ~4k'W (28GHz).

Beam intensity(epA)

T. Nakagawa et al, Rev. Sci. Instrum.81 (2010) L 1

4 . 10
‘ﬁ(n,,s ...5‘.‘3:"'" szuctize G.D Allnand DN, 30 35 40 45 A Facility for Rare Isotope Beams
Mo i CRSEIITICHBE Iiphn, 8.13 Sept, 2013 Charge state F R I B aln HEAGEETT PN Ostroumov, LINAG-18, Septemiber 18, Beging. China, Slide 5
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S

S
dapnia 1E

Pen

€SS

saclay

Dielectric coupler
Mode filter 1y

Gyrotron{28GHz)
Mode converter  Vacuum wi
Plasn]

The RIKEN SC-ECRIS can|
distributions with six solenc]

Motivation for a 60 GHz ECRIS =

l o "'fr -
Fl Tt
5
a
i p——

U35+ 700

;4'1?50 pA (CW/400 ps)

lon Source

el

IMP HIAF

i
b

U35+ 425 pAl CW

» New generation accelerators require challenging High Intensity Beams

Driver Lin=c (400 MeVimuc U, 300 M=V gy

0y

h Fragmentaton
Separaor
"Gas Catcher”

hlackiaf
Elructum
E= 15 Mehiu

270 U3+ 270 U3 Ccw
with two charge states

Baka
Phiscs
E= 1 Mgt

jon (cm)

i

brkshop on ECR Ion Sources,

L1 08

WL i

7 15 & 85 o
ma

e

, Lanzhou
ies for highly

Iipole magnet
e coupling

plied via optical

It is possible to change thj

strength and the surface sizc OF THE TCT Z0ME. |
L
£
The RIKEN 28GHz SC ECRIS produced ~180cpA of U, [ -5
~225 epA of U with the sputtering method at the injected | S
RF power of ~4kW (28Glz). R
T. Nakagawa et al, Rev, Sci. Instrum.81 (2010)
12AHE0R, , * stuctre G.D. AlionandD. N.
Smithe,

NISFINA PRESEIATTCRDE Fdpin, 8-13 Sept, 2013

50

S U>°- ~180epA : \{m

30 35 40
Charge state

45

are Isotope Beams
Enveray Office af Scinnce

P.N. Ostroumov. LINAC-18, September 13. Beging. China, Slide 5§



RFQ

shifted coupling windows
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RFQ
shifted coupling windows

V.A. Andreev, G. Parisi, in Proc. PAC’93, p. 3124.

ATLAS RFQ

Photo- P.Ostroumov
HIAT2012
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RFQ

shifted coupling windows

V.A. Andreev, G. Parisi, in Proc. PAC’93, p. 3124.

ATLAS RFQ LNL-INFN SC RFQ
Photo- P.Ostroumov Photo — G.Bisoffi

http://accelconf.web.cern.ch/accelconf/e02/TALKS/WEBLA001.pdf
HIAT2012
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RFQ 3%
shifted coupling windows

V.A. Andreev, G. Parisi, in Proc. PAC’93, p. 3124.

ATLAS RFQ LNL-INFN SC RFQ
P h Oto -HlpA?Z%FIZO el http:Ilaccelconf.vittlcglrtlz/a_ccgt;riiojgrziSNVEBLA001 pdf

i 1 ,
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<> Progress in RFQ family (incomplete) @

Fi Wil W ame Cesrent fmcdar Inj. E Exii E
Praject Ll bt oty | av) e = o) (MeV) Tpe e
BNE COENL H- qik & HE irz 58 5.2 tid 2.5 dvane Lipgrade
J-PARLC JTAEAEER H- 134 EZ M E103.] 3T AA2 S i S 3 4-vanme Lipgrads
LINACY CEEMN H 3511 78 105 Bl T.5 45 1 derne CIpemation
CPHS THLI p 125 - 5 |, 25 L1 i 4-vane (ipemtion
SNy IHEF I 114 =l 162 &0 1.24 S I 3 A-vane Upsratson
PHI CEA p 3522 -I- oW 3 —
m”-] IHEP P JI5 5% 4 54 11} W 15 3.2 e Lipgrades
C-ATER -FT hap L /"2 & (a1 4 71 1 gt 15 21 At rllmhrl-n
PXIE{PIP II) FrlAL P 16F & 5l e | 5 W 34 2.1 daymnie DML bon
FRANF 14F P 175 T3 L.T5 - Y 120 .7 4-rod L TR TR
SARAF SHEC [ 176 a5 is 5 CW 2 k] depod Lipgrade
S o | T EERr
CIMF LT i} 1525 6y sar if W 20 E -vame Cnaxiryciion
S5C:Linac AP Aulgr=T] 55687 i i) 05 CW P L drod {Ipemiian
Spiral? GAMIL A3 = 5 5 W 1 225 4-vaie Crosnmisshon
FRIE MEL Adg=7 0.5 S L] CH & 15 e Asremiy
LEAFHIAF) T Aig=7 k] m iuk ry [ 4% ¥ e o AT IR

= The high intensity RFQ)s include proton, deuteron and high ions machines.
= Most efforts and problems are on the CW high power RF and high power beam.
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<> Progress in RFC
L'.- - L - o

family (incomplete)

Project Lab
BNE LRl
JEARE | IAEAKEK
LINACA CERN
CPHS THLI
CENS IHEP
IPHI CEA
=T i.rl'-l IHEP
-ATSR hl—'ll AP
PXIE(PIPIN) | FNAL
FRANZ, IAP
SARAF SNRC
TFEMIF INFN
CIMF P
SSC-Lines IwaF
Spiral? GANIL
FRIE MEL
LEAFHIAF) FL T

Long Term Operation of ANL CW RFQ

= This RFQ is with trapezoidal
modulation

= Discharge traces are \
everywhere including low field
areas, K<1.4 '

= Y/ery reliable in operation

= Recommendation: keep K,
below 1.5

P.M. Ostroumow, LINAC-18, Septernber 18, Beging. China, Slide B
]

F R I B ai Fa;;lllty fc;-r Rare Isﬂmpe Eleamﬁ

Type Smre
dvune | Upgrade |
dFanme | Lipprads
darane | CIpemation
4-yane | Ipematan
-y ! Uperation !
devmne Crenmission !
d-wane Lipgrnads
dvnnie pemtian
doymne Commmission
+rod | Commisske i
trd | Upgrade
4-vans dsrembly |
-y | Conminiciion i
d=rod Lipemixan |
- R I L e misa g i
drame | Asveminly !
AT aRTrLC R !

= The high m’renmw RFQE mcludt pmmﬂ dtu’rercm and lugll 10ns mac]mms
= Most efforts and problems are on the CW high power RF and high power beam.
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Cexyuu na H-pezonamopax na npomedcymounsie ynep2uu

[TITK®D, UDBD, CH pe3oHaTopsl,
B.A. TeriskoB IAP FU

Inclined Stem

T CH-DTL,
IAP FU u GSI

['n6puaneiii IIOKO,
TSP, MUDOU, ANL
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» SC cavities: types and typical energy gains

e J;_“"--..___:__._.--""' - g 4 l . _.-_._L’__

QWR and HWR $=0.01-0.17, 6-7 MV/m
(LNF INFN+E.Zanon, TRIUMF+PAVAC, ..., CH, p=0.1,5-7 MV/m
bulk Nb), 5-6 MV/m (LNF INFN, Nb/Cu) (GSL IAP FU, RI 325 and

\l.
Rt :

= FER R Rk

|
|4 _ _— Spoke-cavity, B=0.1-0.25,
Elliptical cavities, p=0.2-1.0, up to 35 MV/m 8 MV/m (ANL, 324 MHz)
(1300 MHz, KEK, DESY, FNAL ..), 15-16  12-16 MV/m (FNAL, 324 MHz),

MV/m (704 MHz, ESS), 30-40 MV/m (800  15-18 MV/m (ESS, 325 MHz),
MHz, LANL) 8 MV/m (JFZ, 700 MHz)



Commissioning procedures of CW proton linac

B Hardware calibration — To verify the parameters of the key hardwares
*  RFQ Voltage was calibrated with beam energy spread; BPM offset calibration, cavity

phase setting, phase scanning ...

B Beam distribution reconstruction - To match the beam between

different section
*  Lattice initial setting, pulse beam commissioning; Beam emittance and twiss
parameters measurements; Trace back to simulate and get new lattice; Initial beam
parameters rebuilt and Lattice re-setting; Match tuning for high power,....

B Beam tuning with CW high power — To ramp the beam power for the

whole linac
*  Always start from pulse beam commissioning, increase pulse-length little bit, and
switch to CW with lower intensity.
* Double-check MPS, ramping mode, beam loss detection system.

Hongwei Zhao, IMP, LINAC2018, 17-21 September, 2018, Beijing
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Normal conducting linacs
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Normal conducting linacs
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New “basic facility” for
researches with neutron and ion beams

Target HV platform [——a‘

Injector
facility



Normal conducting linacs

I =<l —1,
/ _l
| )] S I8y = \

New “basic facility” for
researches with neutron and ion beams

Possible layout

DARIA

Compact neutron source prototype

upoD
Powder and single
crystal diffraction

INDIGO -
Direct and indirect geometry
spectrumeter

Proton accelerator

@

Auxilary sqipment

| DARIA source

@4

LASSO

Small angle scattering
Reflectometry
Radiography

» total 21000 m?2

» flexible
geometry

» optional
beamlines




» Joint Dubna-Moscow-Minsk SRF activities




Sergey Polozov, Gennadiy Kropachev, Alexey Sitnikoyv,

Special thanks to:

Michail Lalayan, Boris Sharkov, Igor Meshkov,
Viktor Aksenov, Leonid Grigorenko, Andrey Fomichey,
Andrey Butenko, Evgeniy Syresin,

Leonid Kravchuk, Alexandr Feshenko,

Valentin Paramonoyv, Peter Ostroumov,
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Nuclotron-based %
lon Collider fAcility
(NICA)
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RFQ

Tons H
Operating frequency 162.5 MHz
Beam energy 0.060+1.5 MeV
Injection current 10 mA

Normalized emittance

1 # mm mrad

Normalized acceptance

10 # mm mrad

Synchronous phase -90+-35 deg

Intervane voltage 155 kV
Maximum field strength 1.6 Kp
Average radius 9 mm

Vane radius of curvature 7.2 mm

Maximum vane modulation 1.8

RF power losses 225 kW

Length 2.7m
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RFQ

Tons H
Operating frequency 162.5 MHz
Beam energy 0.060+1.5 MeV
Injection current 10 mA

Normalized emittance

1 # mm mrad

Normalized acceptance

10 # mm mrad

Synchronous phase -90+-35 deg

Intervane voltage 155 kV
Maximum field strength 1.6 Kp
Average radius 9 mm

Vane radius of curvature 7.2 mm

Maximum vane modulation 1.8

RF power losses 225 kW

Length 2.7m

+Buncher in front of it
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http://accelconf.web.cern.ch/AccelConf/e94/PDF/EPAC1994_1180.PDF

6D-High Current Beam Matching at RFQ Entrance

A.L Balabin and G.N. Kropachev
ITEP, 25, Bolshaja Cherjomnushkinskaja, Moscow 117239, Russia

Abstract

Envelope equations for the bunched beam with electrostat-
ic interaction of bunches represented as uniformly charged
ellipsoids are derived. On the base of the equations soli-
tion injection conditions for a matched beam are formu-
lated at the RFQ entrance which fulfilment necessitates
beam modulation in the longitudinal velocities. Introduc-
tion of the initial sinusoidal velocity modulation at the
linac operating frequency is shown by the macroparticle
method to permit considerable reduction of high current
beam emittance growth in RFQ.

1 INTRODUCTION

by the quadratic form

Ul €)= =g (27 4 M7+ M) (1)
Here p is the space-charge density; £p is the electric con-
stant; z,,( are the coordinates originated from the given
bunch centre; M} . are the ellipsoid form factors with
mutual influence of the bunches.

Factors M, , may be represented in the form

Mly. =My + AM, ., @

where Mz y » are the single ellipsoid form factors 2, 3];
AM; . are the corrections to the form factors caused by
electrostatic bunch interaction.

RFQ

Ions

H+

Operating frequency

162.5 MHz

Beam energy

0.060+1.5 MeV

Injection current

10 mA

Normalized emittance

1 # mm mrad

Normalized acceptance

10 # mm mrad

Synchronous phase

-90+-35 deg

Intervane voltage

155 kV

Maximum field strength

1.6 Kp

Average radius

9 mm

Vane radius of curvature

7.2 mm

Maximum vane modulation

1.8

RF power losses

225 kW

Length

2.7m




http://accelconf.web.cern.ch/AccelConf/e94/PDF/EPAC1994_1180.PDF
6D-High Current Beam Matching at RFQ Entrance

A.L Balabin and G.N. Kropache
ITEP, 25, Bolshaja Cherjomushkinskaja, Mosco

Abstract

Envelope equations for the bunched beam with electrostat-
ic interaction of bunches represented as uniformly charged
ellipsoids are derived. On the base of the equations soli-
tion injection conditions for a matched beam are formu-
lated at the RFQ entrance which fulfilment necessitates
beam modulation in the longitudinal velocities. Introduc-
tion of the initial sinusoidal velocity modulation at the
linac operating frequency is shown by the macroparticle
method to permit considerable reduction of high current
beam emittance growth in RFQ.

1 INTRODUCTION

RFQ

Tons
Operating frequency
Beam energy
Injection current
Normalized emittance

H+
162.5 MHz
0.060+1.5 MeV
10 mA
1 7 mm mrad

10 7 mm mrad
-90+-35 deg
155 kV
1.6 Kp
9 mm
7.2 mm
1.8
225 kW
2.7m

Normalized acceptance
Synchronous phase

Intervane voltage
Maximum field strength
Average radius
Vane radius of curvature
Maximum vane modulation
RF power losses
Length

SRSV T T T 1Y LY

by the quadratic

Uz, 4.€)

Here p is the sp:
stant; z,u,( are t
bunch centre; M}
mutual influence o

Factors M},

e o 2
f the bunches.
may be represented in the form

Mo, a=Moy +AM, . (2)

where Mz y » are the single ellipsoid form factors 2, 3];
AM; . are the corrections to the form factors caused by
electrostatic bunch interaction.



Cxema kanaja DTL nuasa HoBoro mH:xkekTopa npoekra NICA

(mpexBapuTeJbHbIE OLEHKH)

Q1 R1 Q2 R2 Q3 R3 Q4 R4 Q5 RS Q6 R6
e ) ) O | O
W(H+), MeV: 7.0[, Period 9.0 11.0 13.0
-AIZ=1,2,3; DTL
‘W(A/Z=1)=7 +13 MeV/n; < >
*‘W(A/Z=2,3)=7 +7 MeV/n;
-f=162.5 MHz; 2970 mm
o Z/A=1 W=7 - 13 MeV |
‘Transmission=100 A” {1812.604ml  NGOOD : 10000 / 10000 RS

P (deg @162.5 MHz)




Cxema kanaja DTL nuasa HoBoro mH:xkekTopa npoekra NICA

(mpexBapuTeJbHbIE OLEHKH)

Q1 Rl Q2 R2 Q3 R3 Q4 R4 Q5 RS Q6 R6
X X X X Y= X
W(H+), MeV: 7.0[, Period 9.0 11.0 13.0

-AlZ=1,2,3; DTL

‘W(A/Z=1)=7 +13 MeV/n; < >

*‘W(A/Z=2,3)=7 +7 MeV/n;

-f=162.5 MHz; 2970 mm

*E nax=1.8 Kp; _ —

oT;a;smission=100%; - W_2 1 - 2 1 MeV Z/A_3 ulsACH
Ele:ilzﬂ_:fz.ﬂi".ml NG(_)OD i lU'UUUEI.’ 10000.. - _ - o - __ _ l;s

i [l gl |
ocwbrnmounocwunouno

P (deg @162.5 MHz)
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Nuclotron-based
lon Collider fAcility
(NICA)

RFQ ql-+q4 B q5q6 q7 q8 q9 q10 qll q12 ql3 ql4 ql5 ql6 ql7ql8 ql9q20 21 q22 q23 q24
g o O O O o o [ [ X
R1 : R2 R3 R4 R5 R6 R7
‘—b‘ R8 R9 R10 R11 R12 RI3
W(d+), MeV: 0.1 2.4 Period * 11.4 11.4
W(H+), MeV: 0.05 1.2 5.7 10.2
3570 390 3890 1950
[— 1t >t L L
RFQ MEBT DTLI1 DTL2
< 9800 mm >

- )
Oquep @ IapameTpnl d+ H+
MAaTHHUTHAaS KBa ﬂp\HOHBHﬂH TTUH?3a E HopyasroBanusbiii 2 7 MM Mpag 2 T M Mpajy
-/ IMITTAHC MYIKA
5 nqgr 1 v - HoMunajaLuniii ToK 10 mA 10 mA
D 3a '30pHBIH peBOHaTOp D Tpanemncens s ' =90 % =90 %
2 3a rgoprIfI pergoHaTop HOMIHAILHOI'0 TORA
' ' ' D DHeprius MAcTII HA BXO/e 0.1 Ms>B 0.05 M>B
YVCROPHTE/Is
Dueprusi YACTHIL HA BBIXO/Ie 2.4 MaB 1.2 MaB
RFQ
IHepPrus YACTHIL HA BRIXO]IE 11.4 MaB 10.2 MaB
yeRopHTe/Is
JLmna RFQ & DTL | 9.8 m
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“Small” powerful neutron generators

*FRANZ -
the Frankfurt Neutron source at Stern-Gerlach-Zentrum

*SARAF —
Soreq Applied Research Accelerator Facility

*IFMIF —
International Fusion Materials Irradiation Facility

EVEDA —
Engineering Validation and Engineering Design Activities ->
prototype for IFMIF



The Frankfurt neutron source at the
Stern-Gerlach-Zentrum (FRANZ)

H/"'_"‘\ W= 120 keV We = 700 keV We
Pe

P. = 24 kW P =35kW
Volume

Diagnostics \ /

]unT;Ejrce / f chambers ‘
T ¥
/ CH-=7 r

2.0£0.2 MeV  Multiaperture
10 kW Rebuncher E"'i:j“" 20 mA

<« DC

Bunch eutron flux:

. Compressor
Steerer Rebuncher " K_'IucrE{EEr[:c 4 Target for 1012 -1
150 KV Chopper ‘ - amme () Target fo
SR fre = 250 kHz ' — Final B Acptivation
At = 50-100 e - - inal Focus Mode
ns ave --‘A- Rﬂb“nﬂhﬁ'

Li Target for
Cormpressor

2 mA proton beam (8 A peak current)
250 kHz

< 1ns pulse width

neutron fluxat1 m: 107 s em
neutron flux at 0.1m: 109 s-1 em-2




SARAF, Soreq, Palmachim and Yavne,

Israel

Phase 1-2012 Phase I -2023 | raT:;gr“:L:y
LEBT RFQ PSM 5 = SC Modules n Diffraction
: I '. aa am l-l i Ak l-' %Ilfll ';l Hﬁ.‘-f.. lEl?:_l_- aF B l;l BE BB l;l Beam Dum
MEE;T ' Nuclear
tmphysu:s
EIS : Radioactive
v v v A4 “:'
Energy: 20 1.5 p: 4 MeV 23 MeV 40
keViu MeV/u d:5.2 MeV Radio
L(m): 5 9 12 24 o acttce

The SARAF Main Characteristics

Parametr Value Unit

' lon species P,d

Maximum energy 40 (d), 35 (p) MeV

Maximum current 5 mA
Duty cycle 100 %
Pulsed beam width 0.1-1

Pulsed beam repetiotion rate 0.1-10

http://soreq.gov.il




The International Fusion Materials Irradiation Facility (IFMIF),
Rokkasho, Japan

B Test B
eam
SRF Linac Modules >

-ﬂ‘."'"-r- ;
— e

Injector RFQ

5 MW

1, : : P po 40 MeV
_#%MWM -y
- - [ - Buidn x L = . 125 mA

L]

&0

n 9 MeV
The IFMIF Main Characteristics

A 1.125 MW
m:mm_mm:n—mmmm-m 125 mA
Parameter Value Unit o © » »
Particle d IFMIF LIPAc: Linear IFMIF Prototype Accelerator R A
Injector + LEBT Deuteron beam: |=125 mA P=1.125 MW
Output energy 9;40 MeV EA sacy RFQ B e
INFN Legnaro MEBT SRF Linac
Current 125 mA  JAEA Tokai CIEMAT Madrid CEA Saclay
Y ; ya, CIEMAT Madrid GERT
RFQ frequency 175 ' ' GHAAT Madsa Beam Dump
. i CIEMAT Madrid
RFQ input energy 100

RFQ output energy 5

RFQ length 9.8

CCS-PPS  Diagnostics RF Power Cryoplant Building &
JAEA CEA Saclay CIEMAT Madirid CEA Soclay  conventional facilities
CIEMAT Madrid  CEA Saclay JAEA
RF power SCK Mol

69
IFMIF RFQ MODULE CHARACTERIZATION VIA MECHANICAL AND RF MEASUREMENTS, Luigi Ferrari et.al., LINAC2016, THPLR050
TOWARDS COMMISSIONING OF THE IFMIF RFQ, A. Pisent , LINAC2016



The IFMIF/EVEDA EU-JA Project

* IFMIF: International Fusion Materials Irradiation Facility ->
intense flux of 14MeV neutrons for material characterization
(2 CW linacs, 125mA deuterons, 40MeV, lithium target)

=%
Electric Power Industrial HYAC i\

LA )
Supply = Access CEII\\:\, ==

MNuclear HVAC “\‘

PIE Detritiation
Process

. Wi 5. 'I. | A ‘ Y llqlll
g e l T-r{ ,——-I:‘ ¥ ' .‘ !I l = ‘
| T % =
Beam-Dim ' / : Postlirradiation Human
I.| e i Examination
SRF Li
injector RFQ s 0 20 40 m
|

 EVEDA: Engineering Validation and Engineering Design Activities -> prototype for
IFMIF (1 CW accelerator 125mA, 9MeV)

IFMIF-EVEDA - Accelerator System Group — CS Epics Collaboration Meeting,
Vancouver, April 30 — May 2nd, 2009



The IFMIF/EVEDA EU-JA Project

Summer
2018
Beam test
< 50m >
& & & B
Injector  RF Quadrupole Eight Tanks Drift Tube Linear Accelerator
Accelerator (DTL)

(RFQ)
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